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0 Use of xanthines for the preparation of a medicament effective for Inhibiting the effects of allograft 
reaction In humans. 



© A family of compounds effsctlv)e In Inhibiting the effects of allografl reaction, such as graft versus host 
reaction (GVHR). in a human is com(|«sed of 7-(oxoalItyI) 1 ,3Klialkyf xanthines of the formula 




in which Ri and Ra are the same <jr different and are selected from the group consisting of straight-chain or 
branched alkyl radicals with 2 to 6 carbon atoms, cyclohexyt, alkoxyalkyl and hydroxyaikyl radicals, and A 
represents a hydrocarbon radical v^th up to 4 carbon atoms which can be substituted by a methyl group. 
Another family of effective compounds is comprised of compounds of the formula 



Rank XoroK (UK) BusInttM Sarvlces 
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wherein at least orw of Ri and Is either 

a) a branched hydroxyalkyl group of the formula 

(CH2)n -C* 

OH 



In which R* stands for an aDcyl group with 1 to 3 carbon atoms and n stands tor a whole number from 2 to 5, 
the other R’ or R* group that may optionatly be present stands for a hydrogen atom or an aliphatic 
hydrocarbon group with up to 6 carbon atoms, whoso carbon chain may be interrupted by up to 2 oxygen 
atoms or may be substituted with a hydroxy or oxo group, or 
b) an oxoallyl group of the formula 



0 

K* • C • (Ol2)p 



wherein Is Ci -Cs and p is 2, 3 or 4, the remainirig R’ or being as defined above, and R* is an alkyl 
group Ci-C«;The inhibition of GVHR is indicated in human transplant recipients. 
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BACKGROUND OF THE INVE^ TION 

This invention relates to the use of xanthines to Inhibit allograft reaction in humaru. In one embodiment, 
this invention rotates to the use of xanthines to inhibit the effects associated with graft versus host reaction 
5 (GVHR) in humans. In another < embodiment, this Invention relates to a method of using certain xanthines to 
inhibit the manifestations of QV1 jlR In humans following transplantation therapy. 

Transplantation or grafting nvolves the transfer of living cell^ tissues, or organs from one part of the 
body to another or from one individual to another. The fate of a graft is determined by the genetic 
relationship between the donor and host. Each species has a group of histocompatibility genes coding for 
JO histocompatibility antigens that itetermine compatibility or incompatibility of tissue transplants. The antigens 
make up the major histocompa ibility complex (MHC). which appears to be of overwhelming importance in 
determining the fate of transplar ts. 

Generally, grafts exchang<d between animals that do n^t differ in histocompatibility genes are 
accepted, whereas those transp [anted between individuals differing in histocompatibiBty genes are rejected. 
IS For example, rejection will occu r if the recipient of a graft is missing a histocompatibiEty gene present in the 
dofwr of the graft. The rejection is brought about by allograft reaction, which is a specific immune response 
against histocompatibility (transi ilantation) antigens. 

The allograft reaction is a g real source of frustration to the transF^ant surgeon; the reaction can negate 
the benefits of even the most tkilifu) work. The allograft reaction involves an attack by lymphocytes of a 
?o host against the graft as If the g raft was a foreign invader. This response by the host can result in transplant 
failure. 

In most situations, the allog [aft reaction is a one-way process: The host reacts against the graft {"host 
versus graft reaction" or "HVGli"). Often, however, the graft contains lymphocytes, and in this Instance an 
immunological response of the graft against the host can ocor. In some cases this "graft versus host 
23 reaction" or "GVHR" remains unnoticed because the HVGR prevails and all the transplanted cells are 
rejected before they can hami the host When the host Is unable to mount the HVGR reaction, the 
consequences of GVHR becorrw i dearly visible. 

GVHR is a complex process, whi^ is not fully understood. The general reaction sequence probably 
in'/ohes the inoculation of don( r lymphocytes Into an immuno-incompetenl host The donor lymphocytes 
30 undergo blast transformation an ;] eventually small lymphocytes are formed. These small lymphocytes have 
a killer capadty capable of carrying oui :^‘.structlon c: hos; tissue. Altar hv c:,‘!s are disseminated and 
proliferate throughout the organt and tissues of the host. GVHR results. 

The proiiferation of the dont»r lymphocytes and the damage the resulting killer cells inflict on the host 
tissue set in motion a complex response from the host The most prominent features of this response are 
33 inflammation at the site of dono cell proliferation. Increased phagocytic actiWty, and increased proliferation 
of the reticuloendothelial and h mphoid celts In tiie spleen and Uver. The clinical reaction is marked by 
:^r.!argament of a variety of henr atopoletic and lymphopoietic tissues, skin rashes, bowei disturbances; and 
other allergic-type manifestatior s. In the meantime, the donor derived cytotoxic cells begin to attack the 
lymphoid tissue of the host tlioreby destroying large populations of cells. These effects weaken the 
40 resistance of the host to pathog ms, and as a result secondary complications begin to appear. In the most 
severe ca^ of GVHR. the redi ient eventually «fies. 

The allograft reaction is ir imurwiogically mediated. Thus, efforts to prevent its development have 
involved the use of immunosup )ressive therapy. Methotrexate, cyclophosphamide, and cyclosporine have 
been found to be useful in ma row transplantation, but acute GVHR remains a serious problem. In fact, 
<5 about one-lhird of the patients w lo develop moderate to severe GVHR will die with this complication. 

Although MHC disparities a e the most potent stimulators of GVHR. there are other histocompatibility 
tod capable of eliciting this rea ;tion. ft is for this reason that GvIhR remains a major impediment to bone 
marrow transplantation. Some c( inters have restricted bone marrow transplantation to situations in which an 
identical siblir>g is available. Giron the highly complex nature of the histocompatibifity system, it seems 
50 unlikely that one will be able to obtain complete matching among unrelated individuals on a routine basis. 
Therefore, bone marrow transpt mtation among some unrelated individuals must be postponed until better 
means for specific immunother tpy are available. In the case of Ever transplantation, waiting tor a good 
match of the MHC Is currently not practical because of the precarious medical condition of most Ever 
transplant recipients prior to sur{ ery. 

55 ft should be apparent that there exists a need in the art tor the clinical management of transplant 
patients, including maintaining the process of graft acceptancie or rejection and providing adequate 
treatment Because the existing ^eatments and means for preventing allograft reaction, such as HVGR and 
acute GVHD are unsatisfactory, tow approaches in preventing or treating allograft rejection must be found. 
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10 14, Uso of a compound as defined in claim 4. wherein said compound of formula II 
R< is 



IS 



20 



OH 
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CH, - C - (CHj), - 
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CH, 



R*ls 

25 R3 is 



•CH2 • CH3 
and 

•CH» - O ■ CHa • CHs. 



15, Use of a compound as defined in claim 4, wherein said compound of formula II 
R' Is 



OH 
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CH, - C • (CHJ. - 
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CH, 



40 



R*b 
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-CHj 

and 
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50 
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-(CHJ* - C - CH, 
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OH 



65 

16. Use Of a compound as defined in claim 4, wherein said compound of formula II 
R* Is 
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since allograft reiectton Is maior cause of mortality and morbidity In transplant patients. 
SUMMARY OF THE INVENTION 



s TWs InvenUon aids In fulfilling these needs In the art by providing a method of inhibiting allograft 
reaction, such as host versus graft reaction (HVGR) and graft versus host reaction (GVHR), In humans. 
More particularty. tWs invention provides a method of Inhibiting the allograft reaction in a human by 
administering to the human at least one 7*(oxoalKyl) l,3^ialkyl xanthine, other than denbufyllino, of the 
formula: 

10 



JS 




(I) 



20 In which 

Ri and Rj are the same or different and are Independentfy selected from the group consisting of 
straight-chain or branched-chaln alkyl radicals with 2 to 6 carbon atoms, cyclohexyl, straight chain or 
branched chain alkoxyalkyl. a/xl hydroxyaikyt radicals; and 

A is a hydrocarbon radical with up to 4 carbon atoms which can be substituted by a methyl group. 

25 The xanthine of formula (I) Is employed In an amount that Is effective in Inhibitno allograft reaction. In a 
preferred embodiment of the Invention, the xanthine of formula (1) Is administered in an amount that is 
effective in inhibiting the effects of GVHR in a human. 

This Invention also provides a method of Inhibiting allograft reaction In a human comprising administer- 
ing to the human a compound of the formula: 




40 

wherein at least one of R^ and is either 

(a) a branched hydroxyalkyl group of the formula 

r' 

-(CH2)n-C-CH3, 

OK 

so 

with a tertiary alcohol function, in which R* stands for an alkyl group with 1 to 3 carbon atoms and n 
stands for a whole number from 2 to 5. the other R* or FP group fliat may r^itionally be present stands 
tor a hydrogen atom or an aliphatic hydrocarbon group with up to 6 carbon atoms, whose carbon 
chain may be interrupted by up to 2 oxygen atoms or may be substituted with a hydroxy or oxo group. 
55 or 

(b) at least one of R^ or R^ is an oxoaOyl group of the formula 



4 




R2 is -CHa 
and 

R3 is -CHj ‘ CHj - 



75 12. Use of a compoufid as defij 
R’ is 



ihedin daim 4, wherein said compound of formula II 



R* is -CH3 
and 

R5 is 
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40 13. Use of a compound as defiifed in daim 4, wherein said comppund of formula II 
R' is 



OH 
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CH,-C-(CH,).- 
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CH, 



Is -CH, 
and 
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wherein R® Is Ci-C* alkyl, 
represents an alkyl group witl| 
The xanthine of formula (10 is 
preferred embodiment of the ii 
effective In inhibiting the effect^ 
example of a compound withinj 
under the tradennark Trental® 
been used for time as a pharm| 
has not been reported effective 



iS£ 



BRIEF DESCRIPTION OF THE DRAWINGS 



H P = 2. 3 or 4; the other R’ or R* being defined as above and R* 
1 to 4 carbon atoms. i 

Employed in an amount that is effective in inhibiting allograft reaction. In a 
irfr^tion. the xanthine of formula i (II) is administered in an amount that is 
of GVHR in a human. The wed krx>wn pharmaceutical pentoxifylltne Is an 
the general formula (II). Pentoxifylline ("PTX’) is commercially available 
the form of tablets for oral administration. Although this compound has 
^utical to improve the flow properties of blood (clinical trials in 1971). it 
an inhibitor of allograft reaction; such as GVHR. 



This invention will be mon 
pentoxifylline on the uptake of 



o I fully 
"II- 



DETAILED DESCRIPTION OF PREFERRED EMBODIMENT 



Certain xanthines are emi 
responses of T lymphocytes ir^ 
2 S invention will initially be descril 
methods for preparing the xanthl 



pjoyed according to this inventidn to inhibit the effects associated with 
human subjects. The nature of I toe biological processes Involved in this 
This will be followed by a Retailed description of the xanthines and 
ihes. The results obtained by in vivo and in vitro testing will follow. 



1. The Allograft Reaction and Alygraft Rejection 



poisil 



This invention makes it 
particularly, xanthines are empj 
allografts where untreated rejeci 
a cell-mediated immune responj 
activation or functioning of 
xanthines suppress activation o1 
toe donor. Suppression of lymj 
acquired tolerance to an allogra|t 
presslve therapy. This results In 
The xanthines suppress acti 
helper cells, T cytotoxic cells, 
dependent cell-merfiatod cytol 
of these cell types. Suppression| 
absence of leukocyte-derived 
Allograft reaction can be 
reaction (GVHR) in human sul 
persistent host immunity. Host 
and differentiation of donor-<torr 
GVHR can occur when Ihre^ 
major histocompatibility comple:| 
can be used to minimize the 
most cases compatibiBty for to^ 
out with some degree of mismi 
redplenL 

Secondly. GVHR requires 
lymphocytes typically originate 
marrow cells, and thymocytes, 
present and become invoNed, 
Thirdly. GVHR requires that 



r6 -C-(CH 2 )pr, 



understood by referertce to tiie Figure, which depicts the effects of 
thymidine by cultured lymphocytes. 



ibie to Inhibit the effects of aljograft reaction In human subjects. More 
i|oyed according to this inventiorj to modulate the immune responses to 
would otherwise lead to graft Ijoss. Acute graft rejection Is predominantly 
and the xanthines when employed according to the invention suppress 
types of effector cells (other th^ effector Inflammatory cells). That Is, the 
4 lymphocytes, namely T lymphodytes and B lymphocytes, of the host and 
activation by the xanthlnesj is achieved to a sufficient extent to allow 
to be established In toe graft recipient with or without other immunosup- 
jstable and prolonged engraftmenl 

[Ration of one or more lymphocytes selected from toe group consisting of T 
suppressor cells, natural killer celts, killer cells responsible for antibody 
T delayed hypersensltiwty <»lis. B tympihocytes. and subsets of each 
|of lymphocyte activation by the )^toines can be demonstrated even in the 
ines, such as tumor necrosis factor CTNF). 

ifested as host versus graft Reaction (HVGR) or as graft versus host 
I. HVGR can lead to graft failure or rejection due to host resistance or 
may impair the engraftment Of donor-derived tissue or the proliferation 
cells. I 

conditions are fulfilled. Rrst of all. GVHR requires that the host possesses 
(MHC) antigens, which are subsrantiaDy absent from toe graft HLA typing 
irrence of histocompatibility arjtigens capable of inducing GVHR, but in 
entire HLA system cannot be resized and transplantation must be carried 
;h. GVHR increases in severity with the incompatibility between donor and 

t^ the graft contains Immunolodlcally competent lymphocytes. The graft 
from lymph node cells, peripheral blood leukocytes, spleen cells, bone 
T lympb<x:ytes apparenlly initiate GVHR, although other cells may be 
imature T lymphocytes are generally unable to Initiate GVHR. 

recipient host Is immunologiceily Incompetent or immunosuppressed or 



pfiocyte i 



itoo^ty, 



cy x>ldi 
r anil 
lb} lets, 
cpils r 
iv »d 



omi 



Irpi 
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Is -CHa • CHa • CH#. 

8. Use of a compound as defined in claim 4, wherein said compound of formula II 
R’ is 



OH 



.0 CH, - C - (CHJ, - 

I 

CHj 

rs 

R2is -CHa 
and 

is - CHa - CHa - 0 - CHa. 

20 9. Use of a compound as defined in claim 4, wherein said compound of formula II 
R^ is 



OH 

I 

CH3 - C - (CHJ4 - 

I 

CH, 



R* Is -CHa 
35 and 

R5 is -CHa - O • (CHate • O - CHj. 

10. Use of a compound as defined In claim 4, wherein said compound of formula II 
W is 



OH 



CH, - C - (CHJ, - 



SO 



CH3 



R2 is -CHa 
and 

R3 is -H. 
ss 

11. Use of a compound as defined in claim 4, wherein said compound of formula tl 
R' is 



28 
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dsfldant to the extent that the host Is unable to reject the graft While GVHR typically occurs in 
Immunologically Incompetent or suppressed recipient hosts. It wffl be understood that GVHR can also occur 
in immunotogtcally competent recipients In which the effects of GVHR are not overshadowed by a more 
powerful HVGR. 

5 The transfer of cells, tissue, or organ from one Individual to another leading to an allograft reaction Is 
typically associated with transplantation therapy. Thus, for example, allograft reaction can be associated 
with bone marrow grafts, kidney transplantation, heart transplantation, stdn grafting, cornea transplantation, 
as well as the transplantation of other organs and tissue, such as liver, lung, spleen, pancreas, rntestme, 
tendon, bone, caftilage, blood vessels, and terynx. GVHR frequently accompanies the transfer of im- 
ro murtoiogicaBy competent ceils from one Individual to another, such as the transplantation of lymphoid 
tissue, such as suspensions prepared by homogenization of a donor organ or cells, for example bone 
marrow, lymph nodes, spleen, thymus, or liver, and inoculated into ttie recipient host 

This invention is useful for inhibiting the effects of GVHR and HVGR accompanying all types of 
transplantation therapy. Thus, for example, this Invention is useful for treating HVGR and GVHR accom- 
)5 panying grafts placed in the same anatomical position rKxmalty occupied by the transplanted tissue 
(orthotopic) or those placed in an unnatural position (heterotropic). Similarly, the HVGR and GVHR can 
accompany grafts taken from and plwed on the same individual (autografts), grafts transplanted between 
genetically identical individuals (isografts), grafts transplanted between geneticalty different individuals of the 
same species (altografts), and grafts transplanted between irxJividuals of two different species (xertografts). 

30 In a preferod embodiment of this Invention, the xanthines are administered to a clinical marrow 
transplant recipient Use of the xanthines according to the Invention enables the Inhibition of the effects of 
GVHR and GVHO accompanying marrow transplantation. Thus, use of this Invention is preferred for patients 
in which it is desired to establish normal marrow function with transplanted celts, such as patients with 
severe combined immunodeficiency disease or aplastic anemia, and patients receiving chemotherapy and 

35 radiation as aggressive treatment for leukemia and other maDgnancles. The transplanted marrow cells can 
be from a matched dortor or preserved cells from the patient from whom the cells were previously removed 
and stored. Untreated marrow cells can be employed, or the marrow cells can be treated, such as by 
lymphocyte purging to deplete the marrow of ceOs associated with the occurrence of GVHD. Methods to 
remove T cells include treatment with antithymocyte globulin. anti-T-cell monoclonal antibodies. 

30 complement-mediated lysis, lectin agglutinin sedimentation, sheep erythrocyte rosettirtg, counterflow centri- 
fugal elutriation, Immunobeads linked with anti-T-cell monoclonal antibodies, or magnetic beads linked to 
anti-T-cell monoclonal antibodtes. Although T*cell depletion of the marrow Inoculum prevents acute GVHD. 
there may be an Increased incidence of graft rejection or leukemic relapses, or a decrease in grafhversus- 
leukemia effect It has been found that T-cefl depletion of marrow inoculum Is not reqdred when the 

36 xanthines are employed according to the Invention. 

GVHR has also been observed in patients other than those undergoing transplantation therapy. For 
example, severely immunodepressod patients may Inadvertently become engrafted by foreign lymphoid 
calls during routine blood transfusion, it will be understood that this Invention Is useful for Inhibiting allograft 
reaction and the effects of GVHR and GVHD occurring In non-transplant patients. 

40 GVHR is manifested as GVHD in the human, which can be diagnosed by c0nical indications and 
chemical techniques. Among the clinically obsenred effects, of GVHD are fever, malaise, hyperthermia, and 
pain in the area of a transplant, hypertension, weight loss, and impalnnont of spleen function. In the case of 
bone marrow transplantation, GVHD is indicated by skin rash and bRstering. severe nausea, vomiting, 
diarrhea, gastrointestinal bleeding, or impairmenl of liver function. Altograft rejection following liver trans- 
45 plantation is characterized by bile duct destruction and hepatocettular necrosis. 

The effects of GVHR and GVHD can also be determined by biochemk:aI techniques, such as 
measurement of enzyme levels arxl waste or degradation products of biological processes in the patient 
For example, GVHD can be ascertained by the measurement of plasma creatinine levels in kidney 
transplantation, or the levels of alkaline phosphatase, transaminase, and bilirubin in the case of liver 
50 transplants. 

A xanthine or a mixture of the xanthines can be administered to a human subject in need of therapy in 
an amount sufficient to inhibit one or more of the foregoing effects of allograft reaction. Thus, for example, 
one or more of the cUnfcal indications or biochemical changes mar^estlng GVHR or GVHD can be reduced 
in incidence or severity, or alleviated, prevented, or controlled by administration ot the xanthines according 
55 to this invention. While mixtures of xanthines can be employed, no advantage has been observed In the use 
of mixtures. 

When the xanthines are employed In conjunction with transplant therapy In a patient, the xanthines can 
be administered before, during, or after transplantation. The xanthines are generally orally or intravenously 
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wtierein at least one of R' 
a) a branched hydroxyalftyl 



In which R* stands for 
from 2 to S. the other R 
an aliphatic hydrocarboi 
interrupted by up to 2 O) /| 
b) an oxoallyl group of tt|d 



5. Use of a compound as deli 
reaction in human, wherei^ 
reaction. 



7. Use of a compound as defif< 
R» is 



R2 is -CHa 
and 



(II) 



id R^ is either 
i group of the formula 




1 alkyl group with 1 to 3 carbor atoms and n stands for a whole number 
or R3 group that may optionally be present stands for a hydrogen atom or 
group R5 with up to 6 carbm atoms, whose carbon chain may be 
gen atoms or may be substitute) I with a hydroxy or oxo group, or 
formula i 



i 



R* - c - (Cikj 



wherein Ff is Ci-Cs anc p is 2. 3 or 4, the remaining R’ nr R* being as defined above, and R* Is an 
alkyl group Ct-Ct; for th i preparation of a medicament for Inhibiting allograft reaction In human. 



lined in claim 4 for the preparati xi of a medicament for inhibiting allograft 
said allograft reaction is host rersus graft reaction or graft versus host 



45 6. Use of a compound as defi led in claim 4. wherein said comf ound is pentoxifylline. 

1 led in claim 4. wherein said comp ound of formula II 



0 

1 

CH, - C - (CHJ. 
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administered to ttw patient In a preferred embodiment of tNs Invention, the xanthlrtes are Intravenously 
administered to the patient I nmedlately following trartsptantactlon. and then orally administered to a 
transplant redpiant as post>tran rptant immunosuppressive therapy. 

Inhibition of GVHR accord ig to this invention can be dernonstrated In vitro. More particularly, co- 
5 cultivation of leukocytes from i irelated individuals leads to blasj transformation and proliferation simitar to 
that observed upon addition of r^ogens to T-cells. The basis of this reaction appears to be the activation of 
T’cefls from one individual by call surface markers of another. CoKnilturing of blood teukocytas from two 
individuals is referred to as ”r itxed leukocyte culture* or *MLC* and the reaction as 'mixed leukocyte 
reaction" or 'MLR*. Co-culturir } of cells obtained from lymphoia organs is designated 'mixed lymphocyte 
70 culture” or ’mixed lymphocyte eaction”. Since even in the mixed leukocyte reaction, the participating cells 
are peripheral blood T lym^oc /tes, there is generally substantidly no difference between the two types of 
culture. Thus, these expression are used interchang8^)ty hereinj 

The property of stimutatinji an MLR is a function of disparity at the MHC of stimulating cells and 
respofxJer cells. Since disparity at the MHC Is also a major caiise of allograft reaction. MLR is utilized In 
IS this invention as the fn vitro tnalog of allograft reaction in the human. More particularly, MLC can be 
employed in this invention as m in vivo assay for determining the preferred xanthines and the amount 
thereof to employ in a particula clinical setting. A xanthine that jves a strong response in Inhibiting human 
MLR is preferred for use in inhil «ting GVHR and GVHD according to this invention. 

MLR can be carried out usi ig conventional techniques. Culhled cells for the MLR can be derived from 
20 peripheral blood, spleen, tympl nodes, or thymus. Celt number can vary by several orders of magnitude. 
The stimulating celts can be nactivated by irradiation or treatment with an antit^oUc to disrupt DNA 
replication. The culture medlui i can be supplemented, if necessary, by serum proteins of autologous, 
syngeneic, allogerretc, or xeno^ eneic origin. Cultivation can be carried out over a period of several days. 
The degree of stimulation of re: ponder cells by stimulating cells can be determined from the uptake rate of 
25 ^H-thymidine or radiolabeled i mino adds or by counting blasts and dividing cells. If a radiolabel is 
employed, it can be added to tt » culture several hours before harVestlng. 

The effect of the xanthine s on GVHR according to the jrivention was determined In MLR. More 
particularty, six independent do se-response experiments using f^ different donors were performed using 
both response to PHA and th » MLR. Celts were exposed to jpentoxifytline or diluent for six days. 

30 thymidine was added for three tours and the cells were harvestati and j a scintillation counter. 

The data was normalized by « tting the control CPM at 100% aira the test substance (pentoxifylline) CPM 
was determined as the mean of the ratio of CPM to the control counts. The results are shown in the Rgure. 
Pentoxifylline suppressed both he MLR and the response to PHA. At 1mM, pentoxifylline suppressed the 
PHA response to 53 i 9% of th i control and the MLR to 42 t 6% of control. The viability of cells was 100% 

35 uslr^ trypan blue dye>excJuslon | 

This procedure was repe ted using the compound. 7-o*oxymethyM’(54iydroxy-5^ethyJh8xyl-3- 
methybeanthine. This compound was similar to pentoxifylline in suppressing both the MLR and the response 
to PHA. This compound at 100 ig/ml suppressed the PHA response to 41 t 5% of control arKi the MLR to 
39 s 3% of control. The concer tratton of this compound was less than one4ialf of that of pentoxifytiine and 
40 this compound had at least as n uch activity as pentoxifylline under the test conditions. 

The procedure was once ag tin repeated using the compourKl l-(5-hydroxy-5-methylhexyt)-3-methybcan- 
thine «.nd denbufyltine (i n. :etonyM.3*dibutybcanti':lne). The first compound had minimal activity and 
denbufylline appeared inactive 1 1 the concentrations tested. 

When cells, tissue, and or( 3ns are transplanted across an MHC incompatittility, allograft reaction can . 
43 occur. Incompatibilities at mino histocompatibility loci can usually be overcome by minimal immunosup- 
pressive regimens, whereas inh dttion of rejection due to incompatUxIities at the major locus requires much 
more aggressive immunosuppr ssive therapy. It will be undersl|ood lhat this invention can be employed 
alone or in combination with sue i minimal or aggressive immunosuppressive therapies in the patient 

More particularly, immunos ippressive agents can be employed with the xanthines according to this 
so invention to lower immune resf onse of the host and to at te^ retard the allograft reaction. That is, the 
xanthines can be employed acc trding to the invention, either before, after, or simuHaneously with the use of 
chemical immunosuppressive 8j ents. such as alkylating agents, ^timetabolites, corticosteroids, or antibiot- 
ics; physical immurx>suppressh 9 agents, such as Ionizing radiation; immune reagents, such as antilym- 
phocytic serum or antitymphoc rtic gtobufins; or by the adminis^on of antigens or polyclonal or mon- 
55 octonal antibodies for specific st ppression. 

More particularty, in the cas » of bone marrow transplantation, xanthines can be administered before, 
during, or after the administrattc 1 of Immunosuppressive agents, such as cyclophosphamide, methotrexate, 
cyclosporin A. prednisone, met lylprednisone, antithymocyto globulin, monoclonal antibodies reactive with 
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20 

1. Use of at least one 7-(oxoalI(yl) 1 .3-dia!kyl xanthine, other than denbufylflne, of tha formula I: 



Z5 



30 



'' ** - A - 9 - CH 3 



R2 



(I) 



in which 

Rt and Rj are the same or different and are selected from the group consisting of straight-chain or 
35 branched alkyl radicals vrith 2 to 6 carbon atoms, cyclohexyl, straight-chain or branched chain 
aikoxyalkyi and hydroxyalkyl radlcals; 

A represents a hydrocarbon radical with up to 4 carbon atoms, which can be substituted by a methyl 
group; 

tor the preparation of a medicament for Inhibiting allograft reaction In human. 

40 

2. Use of a compound as defined in claim 1 for the preparation of a medicament for inhibiting allograft 
reaction in human, wherein said altograft reaction is host versus graft reaction or graft versus host 
reaction. 

<5 3. Use of recombinant human GM-CSF for the preparation of a medicament tor inhibiting allograft reaction 
in human. 

4. Use of at least one compound of the formula II: 



55 
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human lymphoqrte subpopulations, or combinations of these therapies. These immunosuppressants are 
employed according to the regimens usually used for Immunosuppression in marrow transplantation to 
inhibit GVHD. 

Slmllarty. in the case of renal transplantation, the xanthines can be employed according to the invention 
5 in conlunction with weO known immunosuppressive therapies used tor this type of transplantation. Thus, for 
example, the xanthines can be employed In the post-operative management of renal transplant by 
administering the xanthines before, during, or after administration of corticosteroids, such as predhtsone and 
methyl prednisone; cydosporin A; azathioprine; antilymphocytic serum or globulin: monoclonal antibodies 
reactive with human lymphocyte subpopulations; or combinations of these therapies. Once egain, those 
10 immunosuppressants are employed eccording to the regimens usually used for immunosuppression in renal 
transplant recipients. 

The practice of this invention can be accompanied by the administration of hematopoietic growth 
factors to the allograft recipient to enhance engraftment or to reduce the incidence, severity, or duration of 
clinical manifestations of altograft reaction. In a preferred embodiment of the invention, therapy of bone 
TS marrow transplant recipients witii the xanthines is accompanied by toe administration of granulocyte- 
macrophage colony stimulating factor (GM-CSF). The GM-CSF appears to accelerate hematologic recovery 
following bone marrow transf^antation. 

The invention can also be employed in conjunction with the conventionel pre-transplant treatments 
utilized to reduce the risk of allograft rejection. The preparative regimen should eradtcate all disease in the 
20 recipient, immurtosuppress toe patient adequately to permit sustained engraftment In the allogeneic setting, 
and be minimally toxic. Patients typically receive pretransplant drug therapy to suppress toe host Immune 
system with or without whole body or limited field radiation In a single dose or fractionated over several 
days. Thus, for example, a patient receiving whole body radiation to reduce the risk of transplant rejection 
can be treated with xanthines according to this Invention to reduce toe manifestations of GVHD, 

23 Thin invention can be employed to treat allograft reaction, such as HVGR or GVHR, in a human subject 
or the invention can be employed as a prophylactic for HVGR or GVHa This invention makes It possible to 
improve a patient's condition and sense of well being by Inhibiting acute GVHD end may reduce the 
incidence of chronic GVHD. An Increase in patient survival is contemplated. 

30 2. Administration of Xanthines to Human Patients 

Effective amounts of the xanthines can be admlrtistered to a subfect by any one of various methods, for 
example, orally as capsules or tablets, or parenterally, such as by intravenous or intramuscular Injection, in 
toe form of sterile solutions. The xanthines, while effective themselves, can be formulated and administered 
35 in the form of their ftoarmaceutlcally acceptable addition salts for purposes of stability, convenlencd of 
crystallization, inaeased solubility, and the like. 

Preferred pharmaceutically acceptable addition salts include salts of mineral adds, tor example, 
hydrochloric add, sulfuric add, nitric add, and the like; salts of monobasic cartxsxyiic adds, such as, for 
example, acetic add. propionic add, and the like; salts of dibasic carboxylic adds, such as, maleic acid, 
40 fumaric acid, oxalic add, and the like; and salts of tribasic carboxylic adds, such as. carboxysucctnic acid, 
citric add. and toe like. 

The xantNnes can be administered orally, lor exampio, with an inert diluent or with an edible carrier. 
They can be enclosed in gelatin capsules or compressed into tablets. For toe purpose of oral therapeutic 
administration, the compounds can be incorporated with excipients and used in the form of tablets, troches, 
«5 capsules, elbdrs. suspensions, syrups, wafers, chewing gums, and the like. These preparations should 
contain at least 0.5% of active compound, but the amount can be varied depending upon toe particular form 
and can conveniently bo between 4.0% to about 70% of the weight of toe unit The amount of xanthine in 
such compositions is such that a suitable dosage will be obtained. Preferred compositions and preparations 
according to the present invention are prepared so that an oral dosage unit form contains between about 1.0 
50 mgs and about 400 mgs of active compound. 

Tablets, pills, capsules, troches, and toe like can contain the following ingredients: a binder, such as 
microcrystalline cettulose, gum tragacanth or gelatin; an excipient, such as starch or lactose; a disintegrating 
agent such as alginic add. Prtmolge], com starch, and the tike; a lubricant such as magnesium sterate or 
Sterotes; a giidant such as collotdal silicon dloxida; a sweetening agent, such as sucrose or saccharin; or 
55 flavoring agent such as peppermint methyl salicylate, or orange flavoring. When toe dosage unit form Is a 
capsule, It can contain. In addition to material of the above type, a liquid carrier, such as a fatty oil. 

Other dosage unit forms can contain other materials that modify the physical form of the dos^ unit 
for example, as coatings. Thus, tablets or pills can be coated with sugar, shellac, or other enteric coating 
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There were no adverse sk 
29 >100 days posttransplant vnthot 
In summary, the use of xan 
of transplant procedures. The x 
of allograft reaction, such as ^ 
severity of acute 6VHD. This ir 
so is anticipated. As a result, the 
invention is a new procedure 
requirements for donor and re 
selection. 



e effects associated with PTX a Iministration, with the majority of patients 
t evidence of recurrent disease. 

Nnes according to this invention nakes H possible to increase the feasibility 
anthines are valuable therapeutic agents for both prophylaxis and treatment 
^GR and GVHO. Survival followiig engraftment Is piimanly related to the 
mention makes It possible to Inhib i GVHR, and a related reduction in GVHD 
prognosis of transplant patient! should improve. As the method of this 
affecting the prognosis of cel, tissue, and organ transplantation, the 
;ipient hlstocompatibiGty may ch inge and thus also the criteria for donor 
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agents. A syrup can contain, iq 
tivos. dyes, colortngs. and 
catty pure arwl non-toxic In tho 
For purposes ol parenteral 
s Of suspension. These preparatjoi 
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compositions is such that a 
according to the present invent 
to 100 mgs of the active compdii 
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such as water for injection, sail 
other synthetic solvents; anbbami 
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While dosage values will 
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20 marrow transplant therapy com] 
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posHransplant tt is to be undj 
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supervising the administration 
25 herein are exemplary only and 
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3. Description and Preparation y Xanthines of Formuta <l) 



One group of xanthines thaj 



40 

The substituents Ri and Ra in 
group consisting of straight 
alkoxyalkyt and hydroxyalkyl 
carbon atoms, which can be sul 
4$ A number of compounds oj 
formula (I) can be substituted 
include branched and straight 
amyl, hexyl, and the like, 
containing from 2 to 8 carbon 
50 amytoxymethyl, methoxyethyl, 
containing from 1 to 6 carbon 
and the tike. 

The hydrocarbon groups rj 
groups, i.e., methylene, ethylerb, 
55 adjacent the carbonyl group wt[ 
and 1 ,3-butyIene groups. 

It will be understood that tl 
vivo into one of tho aforei 



tpoun^, sucrose as a sweetener, and preserva- 
le compositions should be pharmaceuti- 
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The amount of active compound In such 
Preferred compositions and preparations 
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tment of tonicity, such as sodium chloride 
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len the xanthines of formuta (I) or formula 
1 effective oral, parenteral, or intravenous 
:ularly preferred regimen for use in bone 
ion of PTX In aqueous saline solution (100 
|by 2.000 mg/day oral dosage to day 100 
locular subject, specific dosage regimens 
judgment of the person administering or 
er understood that the dosages set forth 
jit the scope or practice of the invention. 



can be employed In this invention has the following formulae 



V. 






prmula (I) are the same or differehl 
in or branched alkyl radicals 
^icals. ITie substituent A rbpresi 
ifistituted by a methyl group, 
formula (I) can be employed in 
by alkyl groups or by alkoxy or 
[Chain groups, such as ethyl, pr< 
AD^>xy substituted alkyl groups incti 
atoms in the combined alkoxy 
butoxyethyl, propoxypropyl, aru^ 
btoms. such as hydroxymethyl, 



'^presented by A In formula (I) 

. trimethylene and tetramethylerje, 
[th methyl. Such methyl-substitutea 



4e 



method of this Invention can 
itioned xanthines of formula 






(I) 



it and are independently selected from the 
with 2 to 6 carbon atoms, cydohexyl. 
len:: a hydrocarbon radical with up to 4 



this invention. For example, the xanthines of 
nydroxyalkyt groups. Suitable alkyl groups 
r^yl, isopropyl, butyl, sec-butyl, tert-butyl, 
Ude branched and straight chain groups 
alkyl groups, including methoxymethyl, 
the like. Hydroxyalkyl groups are those 
riydroxyethyl, hydroxypropyl. hydroxyhexyl. 



and 



divalent saturated aliphatic hydrocarbon 
>. which can be substituted on the carbon 
groups include ethyttdine, 1,2-propylene, 

practiced with compounds that change in 
I, as well as compounds that produce 
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developed evidence ol CMV tissue Infection. 

Enpraf^^ and marrow function . The outcome of patients who were treated with the two different GVKO 
prophylactic regimens are shown In Table II. AU patients completely engrafted and no episodes of graft 
reiection were seen. Whether or not they received GM-CSF. patients who did not receive MIX (Group 0 as 
5 part of their QVHO prophylaxis had accelerated neutrophil recovery when compared to patients receivtna 
MTX (Group II). ^ 

The purpose of this study was to first determine the tolerabirrty of PTX in BMT patients and second, to 
estimate H PTX might have an effect on the expression of post-BMT toxidties. Eighty-eight percent ol 
patients were considered high risk lor transplant related toxicities by virtue of age [22J, disease phase, and 
10 preparative regimen [17). All patents tolerated oral PTX with >95% of prescribed doses taken with no 
toxicity noted. In addition, th^ was a strong suggestion that PTX amefiorated transplant related toxicities. 
Only 2 patients developed mild VOO associated with minimal weight gain not requirirrg therapy and only 
one patient experienced mild renal Institfidency. This is in contrast to the recent reported incidence of 57% 
and 53% for VOD and r^ insufficiency, respectivefy [1,18). in addition no episodes of interstitial 
15 pneumonitis, either idiopathic or due to CMV. were seen in the first 100 days: the latter likely the result ol 
early treatment of CMV excretion with anli-viral therapy. Similarly, the incidence of mucositis was low in 
both groups [13]. 

As anticipated GM-CSF appeared to accelerate neutrophil recovery in patients receiving MP (Group I) 
and may have contributed to the reduction in febrile days observed between the two groups. However, 
20 compared to other patients who received GVHD prophylaxis with CSP + MP but without PTX (23), 75% of 
patients receiving GM-CSF alone experienced fever for a mean of 7 days (range 1-19) compared to 37% ol 
our patients receiving PTX ± GM-CSF (moan 4 days, range 1-7); suggesting PTX may act synergistically 
with GM-CSF on modulating Inflammatory mediators. The overall incidence of grade II aGVHD was also low 
being Just 22%. predominantly involving sWn. No patient developed multi-system aGVHD and only 1 patient 
25 developed mild. Isolated chronic hepatic GVHD on a follcw-up. 

In this study the oral administration of PTX up to doses ol 2000 mg/day appeared to be well tolerated 
v«th no adverse side effects observed. Unlike other melhybcanthlne derivatives, PTX lacks much ol the 
cardiovascular side effects: a finding supported by this phase HI study. 

Compared to recent historical control patients, PTX appeared to reduce morbkffty and mortality in 
30 patients undergoing allogeneic BMT. If, in fact, PTX does ameliorate transplant-related toxicities vrithout an 
increase in relapse rates, then the use of PTX alone or In combination with cytokines like GM-CSF may 
permit the delivery of higher, more effective doses of chemoradiotherapy resulting In lower relapse rates 
and Improved overall event free survival. 

35 EXAMPLE 2 

Effect of Pentoxifylline On Regimen Related Toxicity In Patients Undergoing Bone Marrow Transplantation 

Recurrent disease and regimen related toxicity (-RRT-) accounts for 25-75% of treatment failures In 
40 patients undergoing bone ^ow transplantation (-BMT*). Lower relapse rates observed with more 
intensive chemoradiation regimens have been offset by increases in regimen related deaths. A pilot study of 
prophylactic oral PTX. (400 mg q.i.d. until day 100 post BMT). in 8 consecutive allograft recipients, was 
conducted. Six patients received marrow from HLA-ktentical sibfings. while 2 received related grafts that 
differed at 1 HLA-iocus. All patients were prepared with a combination of cytoxan and hyperfractionated 
<5 irradiation. When compared to 20 age. disease, regimen and HLA matched controls. PTX significantly 
reduced the incidence and severity of all major compllcalions post BMT as shown below. 
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metaboTites fn vivo similar to the metatxdites formed from the aforementioned xanthines of formuta (I). 

A compound within formula (I) that has been found to be not effective for Inhibiting the effects of GVHR 
Is denbufyfline. This compound, which Is also referred to herein In abbreviated form as *D80PX". has the 
following formula: 



(? 

0 Oi« • C • Cl« 

II * * * 

.'A,.*-! 



-OBOPX- 

The abiUty of compound (III) to inhibit the effects of GVHR as evidenced by MLR has not been 
demonstrated in vitro. 

X The compounds of formula (I) employed in this invention can be synthesized using known techniques. 
For example, the compounds can be prepared at elevated temperature, optionaify in the presence of a 
solvent by reacting correspondingly substituted 1,3^ian(yt xanthines of the formula 



I. 



In which R) and R^ are as defined above, with a, /j-unsaturated methyl ketones coresponding to the 
35 formula 




H2C - |C - |C| - CH3 
R 0 



(IV) 



The substituent R in formula (IV) represents hydrogen or a methyl group. The reaction can be conducted in 
an alkaline medium. 

4$ An altomatrvo method of preparation involves reacting alkali metal satts of 1 ,3-dlalkyl xanthine deriva- 
tives ol general formula II. in which R> and 82 are as defined above, with oxoalkyl halides corresponding to 
the formula 



„ CH 3 - - A - HaX 

0 : (V) 

In which A is as defined above, and Hat represents a halogen atom, preferably chlorine or bromine. 

55 These reacdons are preferably carried out at temperatures in the range from 40* to 60*C. optlonatly 
under elevated or reduced pressure, but usually at atmospheric pressure. The individual starting com- 
pounds can be employed either In stoichiometric quantities or in excess. The aDcaB satts In the alternative 
method of preparation can either be prepared beforehand or In the reaction Itself. 
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U r^r r\\r>tr*ir^ 



) « jsij .5i 



Fever and infection. The overall incidence of fever (Temp 2 38.5 iC) was 60% with 1 1 patients experiencing 
55 fever for a mean of 4.6 days, ^tients in Group I had fewer feprile days than those in Group II. Only 1 
(5.5%) patient had a positive blood culture within the Initial fjospitalization period. One patient had a 
coagulase negative staphyloco ^us isolated on day 2 posttransplant. Sixteen of 17 CMV seropositive 
patients (94%) had evidence of CMV excretion during the first 100 days posttransplant No patient 
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Suitabto sotvents for use In 
as methanol, propanol, tsoprop 
alcohols, such as ethylene glycil 
The compounds of formuf 
skeletal muscle and by their 
Invention and methods of prei 
disclosure of which is relied up(^ 



pe reactions are water*misc(bla compounds, preferably lower alcohols, such 
lol. and various butanols; also ^tone; pyridine; triethylamlne; polyhydric 
and ethylene glycol monomethyl or monethyl other. 

(I) are known for their marked effect in increasing blood flow through 
toxicity. A more detailed descHptlon of the compounds employed in this 
ijaring the compounds are contained in U.S. Patent 4.242,345, the entire 
and incorporated by reference ^ein. 



low 



4. Description and Preparation qf Xanthines of Formula (II) 



tactiM, 



Inhibition of allograft rei 
human patient a xanthine of the I 



I, and in particular GVHR, car^ also be achieved by administering to a 
[formula: \ 



\ '• ' 

..o 



25 wherein at least one of R’ and 
(a> a branched hydroxyaikyl 



Is either 

croup of the formula 



ictl6n, 



with a tertiary alcohol fum 
starKfs for a whole number 
for a hydrogen atom or an 
chain may bo interrupted by| 
or 

(b) at least one of or R* id 



wherein R* is Ci-Cc alkyl, 
represents an aOcyl group 
amount that is effective in ii 
commerctally available corn] 
formula (II) can be employe^ 
below. 



(II) 



-(CH2)n-jC-CH3. 

OH 



In which R* stands for an alkyl group with 1 to 3 carbon atoms and n 
1^ 2 to 5. the other R^ or R> group that may optionally be present stands 
^Iphatic hydrocarbon group Rr^ with up to 6 carbon atoms, whose carbon 
up to 2 oxygen atoms or may be substituted with a hydroxy or oxo group. 



an oxoallyl group of the formula 



r 6 -C-(CH2)tt- 



land p » 2, 3 or 4; the other 
Yiith 1 to 4 carbon atoms. The 
in libiting allograft reaction, espeda^l 
i ound pentoxifylline (Trenlal®). A 
for tnhibitirtg GVHR ectiwty. 



Of being defined as above, and 
}^thine of formula (II) is employed in an 
ly GVHR. Amof)g these compounds is the 
l^ost of other compounds within the general 
Arnong these compounds are those ktentitied 
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No 


2000 



Croup II 



20 



5300 


42 


M 


MM 


Rel 


Du/Cy 


5446 


23 


.M 


ALL 


Rem 


Cy/1440 


5265 


23 


M 


ALL 


Rel 


Cy/1440 


5517 


24 


M 


CML 


CP 


Cy/1200 


5549 


37 


M 


CML 


CP 


Cy/1200 


5705 


46 


.M 


CML 


AP 


Cy/1320 



M 


Yti 


1200 


M 


Yte 


1200 


M 


Yte 


1200 


URD 


Yes 


1200 


URD 


Yte 


1200 


URD 


Yte 


2000 





5360 


42 


M 


CML 


CP 


Cy/1200 




5362 


41 


M 


CML 


CP 


Cy/1200 




5554 


43 


M 


CML 


CP 


Cy/1200 


30 


5653 


26 


M 


CML 


CP 


Cy/1200 



M 

M 

M 

M 



Ho 

No 

No 

No 



1200 

1200 

1600 

1600 



4 • Uniqut PixItM Nu«6tr 

' M • Malt 

V AU • Acuu LyapbocyUc Uoktaia 

AMI - Aeuu Mytlottaeoi Ltuktaia 

MHL * N«i HtUaiD't LyaoAMt 

MM • Muiciott Mytlat 

CML • Chrtok Mytloitoeot Ltoktaia 

PLL • Prolyaphocytlc Uukrmit 



I Bo • Buiifao 

Cy ■ Cyrlopboipbaaidt 

1440 • IcCyl Tetti BtOy Irradiaiitn 

CSV • Cytoxan, Carauitint. vp.|6 

• PTX - PtfttexifylUfttlat/day) 

CM-CSr • 230u6/M3/day t.r. diyi 0- : r 



ftti • ktliptt or Btfrvtory diitait 

Rtffl - 2nd or 3rd rtatsttea 

CP > Chronic Phut 

AP • Acctitrattd Phut 



* M - rtlattd HLA-idtmiral donor 

UkO • fflatcbtd (inrtlaird donor 



« Prophylaxis and treattnenl of acute GVHD . Prophylaxis of aGVHD consisted of either cyclosporine (CSP) 
plus methylpfodnisolone (MP) or cyclosporine plus short methotrexate (M7X) 113.14]. The pretransplam 
characteristics and preparative regimens are listed in Table I. Patients were grouped for analysis on the 
basis of whether they received MP (Group I. n = 8) or MTX (Group (1, n ** 10) along with CSP as their aGVHD 
prophylaxis. This was dorw because previous studies suggest slower engraftment and more mucositis with 
50 MTX containing GVHD regiments. Acute GVHD was diagnosed and graded according to previously 
1^53 and was treated, In both groups, with methylprednisolone (Z mg4tg/day for three 

Posttransplant Supported Care . AO patents were nursed In single reverse isolation rooms and received 
Intravenous hyperalimentation and Pneumocystis car/n// prophylaxis (trimethoprim-sulfamethoxazole) along 
55 with monthly Intravenous Iminune globulin at a dose of 500 mg*g (Sandoglobulin™ Sandoz, NJ). Patients 
were maintained on parenteral nutrition until they were capable of sustaining 100% of their calculated fluid 
and caioric requirements orally. Seventeen patients were CMV seropositive pretransplant and received 
prophylactic high dose acyclovir daily until Ome of discharge (16] at which time oral acycfovfr (400 mg 
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GVHR-XNHZBITXNG 
CQKPOimps or porkuia ( ii \ 
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Compound 


*1 


Rj 


"3 




Number 








10 




f, 








2 


CB 3 -C-(CH 2 )«- 


*CK 3 


-CH2-CH2-CH3 


IS 




OB 
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3 


CH 3 -C-(CH 2 ) 4 - 


-CH3 


-CH2-CH2-O-CH3 






CH3 






20 


4 


- 


- 


-CH2-O- ( CH2 ) 2-O-CH3 




5 


- 


• 


-H 




6 


- 


- 


-CH2-CH2-CH3 


25 








OH 




7 


- 


- 


1 

-CH2-CH-CH3 


30 








r 




8 


- 


- 


1 

-CH 2 -CH-(CH 3)2 


35 


9 


• 


.CH2-CH3 


-CH2-O-CH2-CH3 




10 


- 


-CH3 


-(CH 2 ) 4 -p-CH 3 


40 








OB 




11 


- 


• 


-CH2-O-CH2-CH3 



45 



so 



55 



It win be understood that the method of this Invention can be practiced with compounds that change in 
vivo into one of the aforementioned xanthines of formuta OO- as well as compounds that produce 
metabolites In vivo similar to the metabolites formed from the aforementioned xanthines of formula (t0> For 
example, after ora) and intravenous administration, pentoxifyliine is almost completely metabolized. The 
following seven metabolites have been ktentHted in human urine, which is the predominant pathway for 
excretion of metabolites; 



Metabolite I 
Metabolite II 
Metabolite III 
Metabolite IV 
MetaboOte V 
MetaboQte V) 
Metabolite VII 



1 -(5-hydroxyhoxyl)-3,7-<limelhylxanthine 
1 -(5.6-dihydroxyhexyl>-3,7-dlmethytxanthine 
1 -(4,5-dihydrQxyhexyl)-3,7-d[methytxanthlne 
1 -(4-<»rboxybutylh3,7-dime1hytxBnthine 
1 -0-carboxypfop:^3.7-^methytxanthine 
1 -{5H)xohex^h3-methylxanthine 
1 -(5-hydroxyhexyl)-3-methylxanthine. 
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qj.d.) was administered until day 75 posttransplant AO patients 
consisting o( cefotaxime and mezi cilDn if febrile (T2 38.5*0} or wh^ 
was 5500 ceOsAiL and continued until ANC rose £500 cells/UL 
hours received presumptive anti hmga) therapy with amphoteric^ 
neutropenia. Weekly rapid diagnc Stic cytomegalovirus <CMV) shef 
beginning day +35 on buffy coa and urine samples In all CMV 
CMV were treated with a two w ek course of OHPQ (10 mg/kg/|j 
additional four weeks of five timi s weekly maintenance therapy 
received recombinant human QM- ^SF (rhGM^F) at a dose of 25(^ 
(Immunex, Seattle). 

Toxicity Definitions. Acute toxicity |wa5 judged according to publi: 
defined as a doubling of the basal ne (day 0) serum creatinine (Scr) 
mg/dL with a blood urea nitrogen BUN) i. 80 mgAdL The diagnosis 
of hyperbilirubinemia (£ 3.0 mg/til ). weight gain £ 2.5% of baselim i 
with or without the presence of h jpatomegaly [18]. Severity of mi 
previous published criteria [14]. In this analysis 2 grade II severity 
days of continuous morphine sulfa e (MSO*) administration was usejf 
of mucositis. 

PTX Toxicity. No patient experienc^ significant adverse side effect^ 
Mild gastrointestinal symptoms ocJurred In 2 patients, both relieved 
Survival. With a mean follow-up g 160 days (range 100-320) ther^ 
patient died of relapse on day 132[ 

Transplant Related ToxIctQes. C^batlent tn Group I and one Group] 



;eived prophylactic systemic antibiotics 
their absolute neutrophil count (ANC) 
l^atients with unexplained fever for 248 
B (0.3 g/kg i.v.) until resolution of 
•vial assays were routinely performed 
ieroposilivo patients. Patients excreting 
rkay I.v. Ganciclovir™), followed by an 
js mg/kg/day). In addition, 10 patiems 
ug/M*/day i.v. over 2 hours, days 0-21 






VOO with neither patient experler :lng more than 2.5% increase irj 
days. Only 1 patient developed renal insufficiency. One patienj 
pretransplant for hepato-splenic ancfidiasis and received an 
prophylactically during the first I 0 days of his transplant cours^. 
.'nucositls of significant severity ti require MSO«. whereas 5 (501 
Patients receiving PTX doses in c xcess of 1200 mg/day had less 
.'•squiring analgesia in contrast to £ to 7 patients who received the 1 
were able to take 100% of their daily caloric requirements orallyj 
Patients acNeving 100% of their caloric requirements orally by a| 
discharge for both groups was day 26.4. 

GVHO. The incidence of GVHD w is tow in both groups. OveraO, 7d* 
patient (12.5%) in Group I develop >d grade II GVHD involving predqml 
Group It, all of who received PTk at the lowest dose level, expi 
resolved with steroid treatment N J patient developed severe (l.e. 2 



criteria (17). Renal insufficiency was 
renal failure was defined as a Scr 23.0 
of hepatic VOD required the presence 
weight and right upper quadrant pain, 
it^cositis was scored in accordance with 
s considered a toxicity. The number of 
as an objective parameter for severity 

at any of the dose levels administered. 
J)y administration of oral antacids, 
were no regimen related deaths. One 



It patient (i 1 %) developed mild hepatic 
basal body weight during the first 21 
received 4.5 grams amphotericin B 
lltional 1.0 grams of amphotericin B 
Mo patient in Group I experienced 
of Group II patients required MSO«. 
^gnificanl mucositis with only 1 patient 
mg/day dose. All patients in Group I 
by a mean of day 18, with Group 11- 
mean of day 29.6. The mean time to 



1% had grade 0-1 GVHO (Table 11). One 
linantty skin, white 3 patients (30%) in 

J rienced grade II GVHD; all episodes- 
rade III) GVHD. 



45 



SO 



55 




EP 0 433 682 A2 



mr 



Metabolites I and V are the maj 
50-60 percent of the admlnli 
The dihydroxy derivatives of 
Metabolite IV about 8 percent ol 
The compounds of formula} 
ar)d Belgium Patent 83i ,051 
alcohol reference may be had 
German priority of July 8, 1081 
synthesis routes for the xanthin* 
An example of one embodir^i 
a) reacting 3-aDcytxantNnes 



metabolites. Mstabdits V, the rhain urinary Metabolits. accounts for about 
dose. Only traces of pentoxif^IIne arxl Metabolite I are found in urine, 
p^toxifylline (Metabolites II and III) represent approximataly 12 percent and 
the excretion products. 

(II) can be prepared according tp the disclosure of U.S. Patent 3,737,433 
(wtjere R’/R* are oxoallyl). For the c^ where at least one of R’/R> is a tertiary 
to International Application PCTj(eP 88/00401. filed July 8, 1866, claiming 
. This application addresses, as (ts invontioo, a variety of embodiments of 
6 of formula (II) embraced in the Current invention, 
lent consists of 



IsteM 



ti formula (VII) 



in which the R^ represents alkyl with up to 4 carbon atoms, witb alkylating agents of formuta (VIII) 



X-( 



4Mj)„-C-OI3 

CM 



in which X stands for halogen, 
phosphoric add ester gmui:^ 
compounds of formula (DC) 



with a tertiary hydroxyaDcyl g| 
ai) atkylaiing this with the 
pursuant to the invention of 



H3C-C-I^ 

OH 



I 



0 

II J, 



(VII) 



(VIII) 



I, preferably chlorine, bromine, on iodine, or a sulfonic add ester group or a 
and wherein and n have t^ meanings mentioned above, to obtain 



0 (CS3)-C-Oij 

“ i. 






(«) 






oup in the position of R^ and hydrogen in the position of R\ and 
same or different alkylating agent of formula (Vllf) to obtain compounds 
f »rmula (X) ; 






,.Co 



'C«2»n-<r'-CHj 



0* 



(X) 
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or oxalic acid, can also be used as catalysts. However, It Is preferred to operate In sulfuric add. with an add 
concentration of SO to 65% and temperatures of 0* to 10*C being sufficient as a rule. However, lower or 
higher add concentration and/or reaction temperatures can sometimes also be used. In any case, the 
reaction temperatures should be kept as low as possible since the reverse dehydration to the olefin can be 
s dlsturbingty significant above approximately 60 * C. 

The addition of a solvom inert to acids, such as 1,4-dloxane. benzene, or totuene, sometimes also 
provides benefits. Since esters can form as intermediates in the acid-catalyzed hydration, particularly when 
using the high acid concentrations, it is recommended to treat the reaction batch with a large amount of 
water with brief heating after the action of the add ft>r the purpose of ester hydrolysis, or to process the 
fo mixture tn the alkaline range. 

The experimental conditions for the optional conversion of the 1- and 7H-compounds (IX) or (XVI) 
pursuant to the invention into the trisubstituted xanthines of formulas (X) or pCV) by N-aUcylatioo with the 
compounds (VIII) or (Xa) of (XIII) have already been described above in detail. 

Depending on the chain length of the aiyi group R* (at least C*) and/or the structure of a substituent 
rs P? (for example, 2-hydroxypropyl), the tertiary hydroxyalklyxanthines of formula (II) can have one or two 
asymmetric carbon atoms and can thus be present in stereoisomeric forms. This invention therefore 
concerns both the pure stereoisomeric compounds and their mixtures. 

This invention wilt now be described in greater detail in the following Examples. More particularty. to 
demonstrate the effectiveness of the claimed invention, a compound of formula (10 was tested to 
20 demonstrate Inhibition of the effects of GVHR /n vivo. Though a variety of compounds within the general 
formulas (I) and (It) are effective, they will be exemplified with regard to pentoxifylline CPTX") as a 
particularty preferred xanthine. 

EXAMPLE 1 

25 

Tcrferancco of Pone Marrow Transplant Patients for Pentoodfylllne 

Study Design . Dose escalation trial In which groups of 10 consecutive patients were enrolled at Increasing 
dose levels. Pentoxifylline was given at three doses: 1200 mg. 1600 mg, and 2000 mg/day, orally as 3, 4, 
M and 5 divided daily doses respectively from day -10 through day +100 postlransplanl. Pills vrere cmshed 
and mixed wfth liquid for patients who experienced difficulty swallowing intact caplets. Vomited doses were 
repeated If vomiting occurred within 30 minutes of administration of a crushed dose or if an intact pill was 
recovered. 

Patients . Thirty (30) consecutive patients were enrolled In this study and Includod autologous, matched and 
3S mismatched aOogenolc transplants. Because transplant^mlated toxidties vary among the type of transplant, 
only patients with phenotypic or genotyptcaily identical donors were included In this analysis. Of the 30 
study patients enroHed, data from 18 matched allograft recipients (mean age 34.6 years), who were k lOO 
days posttransplant, were analyzed. Fifteen patients received HLA-ldenticaJ sibling transplants white 3 
patients underwent matched transplants from unrelated donors. Diagnosis arxl disease phase are shown In 
40 Table I. 
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with two identical or different tertiary hydroxyalkyl Qroups In the positions of R' and R’. or 
aa> converting it with a compound of the formula 

RS-X (Xa) 

In which X has the meaning given In formula (Vtll) and R^ has the meaning indicated atx>ve. Into 
compounds of formula (XI) 



to 



IS 




01 



(XI) 



20 In all cases preferably operating In the presence of basic media or using the xanthines In the form of 
their salts. 

Another embodiment consists of 
b) substituting 1.3-diatkytated xanthines of formula pGI) 



2S 



so 




(XII) 



in the 7-position, preferably in the presence of basic media or in the form of their salts, by one-step 
reaction with a conr^xnjnd of formula (VIII), to obtain compounds of formula (XI). 
s$ Another ernbodirnem consists of 

c) first reacting the 3-alkylxanthlnes of formula (VII), likewise preferably In the presence of basic media or 
In the form of their sahs. with a compound of the formula 

R«-X paiO 
40 

with tfie formation of 3.7-disubstituted xanthines of formula (XIV) 



<5 



50 




(XIV) 



In which R's has the meaning montionod for fl? or stands for benzyl or diphenylmethyl, and then 
substituting them in the 1 -position, again preferably in the presence of basic media or In the form of their 
55 saits. with a compound of formula (VIII}. (Compounds of formula (XV) are obtained 
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formulas (X) or (XI) or (XV) In which fl?, R*. R®, R’®. and r^ In the formulas above have the meanings 
iTKlicated above. 

The 3-ancylatod mono- or llOKoalkyl- (XlXa), -(--^aloalkyl) ()axb). -(oralkoxycarbonylaikyt)- (XDCc), and 
-alkenybcanthines pOXd) needs 1 lor this as starting materials ar » either known or can be prepared readily. 
5 for example, from the 3-alkyl xanthines (VII) and the sulfonyl jxy- or hatoketones (XVII) and (XVllI), u- 
haloalkylsutfonates, or 1 .w-dihi Oalkanas (cf.. for example: V.B. Kalcheva et al.. Journal fur prakt Chemle 
327 (1985) pp. 165-168), «-su lonyloxy or --halocarboxyBc acid alkyl esters or sulfonyloxy or hatoalkones 
corresponding to formula (X) V) under the reaction conditiors previously described in detail for the 
alkylation of mono- and disubsi tued xanthines with the compoum Is of formulas (VIII) and (Xa). 

10 In the organometatlic rear lions of the xanthines (XDCa) an J (XDCc) functionalized in the R* and 
groups, the procedure Is the s une in principle as described foi the preparation of the tertiary alcohols of 
formula (Vlll) used as alkylatii g agents. Thus, the reductive a kylation of the ketones (XDCa) and of the 
esters (XDCc) can take place tor example, with aikylpotassii m. -sodium, -lithium, -magnesium, -zinc, 
•cadmium, -aluminum, and -in compounds. The recently rex>mmended atkyltitanium and -zirconium 
IS compounds (D. Seebach et al. Agnew, Chem. » (1983). pp. i:-26) can also be used. However, since the 
alkylmetal compounds of sodii m and potassium have a tender cy toward side reactions because of their 
high reactivity and those of z nc and cadmium are relatively ttuggish. the alkyDithium and -magnesium 
(Grignard) compounds are ordi laiily preferred. 

The strong nucleophilic orj anometallk: compounds are very sensitive to hydrolysis and oxidation. Their 
20 safe handling therefore require j working in anhydrous medium, optionally under an inert gas atmosphere. 
The usual solvents or distributi ig agents are primarily those tha are suitable also for the preparation of the 

alkylmetal compounds. Practic ;l examples are especially ethers with one or more ether oxygen atoms, for 

example diethyl, dipropyl, di wtyl, or dilsoamyl ether, t ,2-d methoxyethane, tetrahydrofuran, dloxane. 
tetrahydropyran. furan, and a lisole, and aliphatic or aromatic hydrocarbons, such as petroleum ether. 

23 cyclc^exane, benzene, toluen ►, xylenes, diethylbenzenes, and tetrahydrortaphthaleno; however, tertiary 

amines, such as triethylamlne. or dipolar aprotic solvents, such as hexamethylphosphoric triamide, as well 
as mixtures of the solvents nentioned can also bo used successfully. The reaction of the carbonyl 
compounds (XlXa) and (XIXc) i rlth the Grignard compounds with the formula R*-MgHal can atso beneficially 
be carried out by piecing the organometallic compound in an ether and adding the keiona or the ester 
JO drop.vise es a solution in disc iloromethane or l ,2-dIchoioroeth; ne. An addition of magnesium bromide Is 
frequently recommended, whk h is able to increase the nuclei iphilidty of the organometallic compound 
because of its participation in tl e complex cyclic transition state. 

Tbe ketone or ester and th i organometallic compound are g< >neraUy combined at temperatures between 
-20 * C and 1 00 * C, preferably letween 0 • C and 60 or at roon i temperature without external cooling, with 
33 the alkylmetal compound ordir arily being used in slight excess The reaction is then ordinarily completed 
by brief heating under reflux, fr r which times of several minutes to a few hours are generally adequate. The 
alkanolato formed is preferably decomposed with aqueous ammcrtium chloride soluticn or dilute acetic add. 

Metallic magnesium and I thium are primarily suitable for he metallation of the w-haloalkyixanthines 
(XDCb). On the other hand, the replacement of the halogen atom with lithium, which is also possible using 
40 organolilhium reagents, gener Jly 1 -butyl-, 2-butyl-, t-butyl-, oi phenyHithium, plays a subordinate role. 
However, use is made especia y of the Grignard compounds, acvantageousty preparing them in the ettiers, 
hydrocarbons, tertiary amines or aprotic solvents Bsted as puticutarly suitable tor the reaction of the 
x?.nthines fXIXa> and (XlXc) with alkylmetal compounds, at temp*. ti^wrs?n 25* and 125* C. 
preierabiy beiov/ 1U)*C. If bbs .-.^vtfiic-.icn ra^ction is carried out in hyd<-c:a:bcn3. then the addition of an 
45 ether, such as tetrahydrofura i, or a tertiary amine, such a; triethy lamina, in stoichiometric amount 
frequently proves useful. The [use of catalysts, such as butancjl, aluminum chloride, silicon tetrachloride, 
tetrachloromethano, and alumi lum or magnesium alcoholates. nay also bo helpful. In toe halogen-metal 
exchange the chlorides ordinar ty react more slowly than the corresponding bromides and iodides, but as a 
rule they provide better yields >f organometallic compourtd. To iccelerate the beginning of the reaction, the 
50 addition of some magnesium bromide, some grains of iodina, or several drops of bromine, tetrach- 
loromethane, or methyl iodide with slight heating is frequently recommended. The Grignard compounds 
obtained are normally not isola ed, but are reacted immediately tirith the ketones of formula (XXIII) under the 
reaction conditions described t f the reductive alkylation of too xjtmhines (XDCa) and (XDCc). 

The addition of water to pe C » C double bond of the t Ikenylxanthlnes (XlXd) with the structural 
55 element ol formula (XXV). in w lich the hydroxy group adds to the carbon atom with tho fewer hydrogens to 
form tertiary alatools accord ng to the Markownikofi Rule, jnfinarily occurs in aqueous solution or 
suspension In the presence of strong acids, such as sulfuric, n trie, or phosphoric acid. Hydrogen halides 
and sulfonic acids, such as Irifl joromethanesultonic add. acid e> change resins, boron trifluorkfe complexes. 
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01 



in which R'^ represents a bAi 
which R’* represents a benzol 
under reducing or hydrotytic 



ajc- 



:C-(C«J), 

toi 



f fcfri 



that are subsequently react^ 
compounds pursuant to the 
Another embodiment consis] 
d) reducing compounds of 
oxoalkyl group, with convei 
hydroxyalkylated xanthines p| 
The 3-a!kyl- or 1 ,3-dia)kylx| 
"alkylating agents” of formulas 
by methods disclosed in the 
obtained by organometallic syntlx 



HaI-(CHa)„-CO*CHj (XVII) 



in a so-called synthetic reactioni 
R*-M, especially of magnestun^ 
40 Mg Hal (Ghgnard compounds) 
example, see Houben-Weyl. Vo|, 
In the same way, a reaction of 



Ha!-(CH:)„-CO-R* (X'^lll) 



with methylmagnesium halides 
The hydroxykotones corresJ 
into diols with the alkylmotal co| 
hydroxy group, lor example by 
Vd. W1 a. Part 2 (1980), pp. 
esterificatkm of the terminal pi 
advantageously in the preserve 
Other possibilities for the 
monometallatlon of <«-chloro-1- 
XIII/2 a (1973), pp. 102 and 31 9| 
of by-product formation from 
closure with the elimination of n] 
ha)o-i-alkanols as starting mati 



I llS 



nzyl or diphenylmethyt, and coi 
or diphenylmethyl group or an 
ondidons, into compounds 



(XV) 



ing the compounds of formula (XV) in 
^koxymethyl or alkoxyalkoxymethyl group, 
pursuit to the invention of formula (XVI) 



" R 



! d again, if desired, with a corr^und of formula (VIII) or (Xa) to obtain 
vontion of formula (X) or (XV), 

3 of 

mula (XI) or (XV) pursuant to the| 
rational reducing agents for the 
irsuant to the invention, 
inthines of formula (VII) or (XII) 
yill), (Xa). artd (XIII) are known fo 
li erature. Thus, the tertiary alcohj)! 
lesis by reacting the stericalty uni 



invention in which R? or R’® stands for an 
jketo group to obtain the corresponding 

used here as starting materials and the 
the most part or can be prepared readily 
its Of formula (Vtti), for example, can be 
ihindered hatoketones of the formula 



with reductive alkylation of the 
zinc, or lithium, for example irri 
\iT of the alkyllithium compouncK 
1/1 a. 2 v 'CCC), pp. 928-4p, 
^alokelc the formula 



the 



methyllithium likewise leads to 
bonding to the formulas (XVtl) arid 
npounds in the usud way, either 
u:etal formation with 5.6-dihydro-kl 
1 113-1124), from which compourKte 
ir mary hydroxy! groups with sulfqn: 
3f basic media 

i ynthesis of the tertiary alcohol 
’omooeOcanes to obtain <#-chtoroa kyl 
and their subsequent reaction wiih 
alkanolates formed as intermedr il 
jetal salt being minimized by app 0 | 
trials, which are metallated in the 



(XVI) 



rbonyl group, with sikyimetal compounds 
the form of alkylmagnesium halides R*- 
R^-Li. under the usual conditions (for 
es[L..;tti;j. pp. 1021 fi. and 1104-1112). 



target. 

(XVItl) can also be converted smoothly 
|direct)y or with temporary masking of the 
H-pyran (for example, see Houben-Weyl, 
of formula (Vllt) are formed by selective 
lyl or F^iosphoric halides or anhydrides. 

(derivatives of formula (VIII) (xmsist of the 
Imetal C(xnp(MJnds. (Houben-Weyl. Vol. 
the ketones R*-CO-CHa. wtth the extent 
ites because of their tendency toward ring 
priate temperature control, or of using <#- 
usual way, preferably In the form of the 
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otherwise customary inert sc^vents, such as ethers (for example, diethyl ether, tetrahydrofuran, 1,2* 
dimethoxyethane), hydrocarbons and pyridine, nitriles, such as acetonitrile, can also be used as the reaction 
medium. The hydrogenation, which Is suitably carried out at temperatures between 0*C and the boiling 
point of the particular solvent but preferably at room temperature, generally occurs rapidly and is complete 
6 within several minutes to a few hours. 

The tertiary hydroxyalkylxanthines of formuia (II) can also be prepared by reacting substituted xanthines 
of formula (XIX) 



10 



15 




(XIX) 



e) contains two identical or different groups of the formuia 

20 

-(CHa)„-CO-CH 3 (XX): or 
-(CH2)»,-C0-R* (XXI). 

25 or only one substituent of the formula (XX) or (XXI), and hydrogen or the group R® or R’* In the positions 
ol RP and R’°, with (Ci-C3)alkyl- or methylmetal compounds vrith reductive "alkylation* of the carbonyl 
groups to obtain the xanthines pursuant to the invention of formulas (IX) to (XVI), or 

f) metallating xanthines of formula (XDC) that have two identical or different groups of the formula -<CH 2 )„- 
Hal (XVIf). with Hal preferably standing for chlorine or bromine, or only one such group arfo hydrogen or 

30 the substituent R® or R^® in the other position, in the terminal position, and then reacting them with the 
ketones of the formula 



Rt-CO-CHi (XVIII) 



3S with reductive alkylation of the carbonyl group to obtain the xanthines of formulas (IX) to (XVI) pursuant 
to the Invention, or 

g) coverting xanthines of formula (XIX) with the group 



40 



45 



50 



-(CH 2 ),-COO-(Ci -C* )alkyt (XXIV) 

in the positions of R* and/or and optionally hydrogen or the group R® or R‘® in the other position, by 
means of two equivalents of a methytmetal compouitd per aOcoxycarbonyl group, into xanthines of 
formulas (DC) to (XVI) in which R* stands for methyl, or 

h) coverting xanthines of formula (XIX) having two identical or different groups of the formula 

(XXV) 



or only one such group and hydrogen or the group R® or R'® in the positions of R® and fl'°. in which the 
group (XXV) can contain the C » C double bond also in position-isomeric arrangements on the branched 
carbon atom, lor example, as -C«CH 2 , by ackl-catalyzed hydration obeying the Markownikotl Rule, into 
55 the xanthines of formulas (IX) to (XVI) pursuant to the Invention, and if desired, then coverting the tertiary 
hydroxyaOcybcanthines of formulas lb* and if obtained pursuant to the invention by methods e) to h) that 
have a hydrogen atom In the 1- or 7-position, optionally in the presence of basic media or In the form of 
their salts, with the alkylating agents of formula (VIII) or (Xa) or pctlf), into the trisubstftufod compounds of 
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tetrahydropyranyl-<2) other or after alkanolato formation of the hydroxy group (MOOijjB-Hai) with any 
desired aOtylmetal compouryl (for example, see Hoobon-Weyl, Vol XIIl/2 a (1973), p, 113), then reactlrjg 
them with the ketones R^-CO^Hs to obtain the diols mentioned in the preceding paragraph (Houben-Weyl, 
Vol. W1 a, Part 2 (1980). p. 1029), and subsequently selectively estertfying the primary hydroxy group wHh 
5 suitable sulfonic or phosphoric acid derivatives. 

A convenient access to compounds of formula (Vllt) In which R* represents a methyl group Is also 
available through the reaction of «^oalkanoic acid alkyl esters (HaHCHiXi'COC^alkyt) with two equivalents 
of a methylmetal compound, with the ester reacting through the ketone to produce the tertiary alcohol with 
the introduction of two methyl groups (Houbeo-Weyl, Vol. Wl a. Part 2 (1980), pp. 1 171-1174). In the same 
10 way. «*hydroxy-carboxylic acid esters can be converted into diols with methylmetal compounds with or 
without protection of the hydroxy group, lor example in the form of totrahydropyranyK2) or methoxymethyl 
ester, or optionally in the form of the lactones as cyclic esters (for example, see Houben-Weyl. Vol. Wl a. 
Part 2 (1980). pp. 1174-1179), from which active alkylating agents of formula (VIII) can in turn be obtained 
by selective esterification of the primary hydroxyl group with sulfonic or phosphoric halides or anhydrides. 

IS Suitable compounds of formula (VIII) that can be prepared by the methods described above are thus 
the [(«*-l>-hydroxy-{<it-l)-methylJbutyt. -pentyl, -hexyl, and -hept^. the [(«-2)-hydroxy-(»-2)-methyl]pentyl. 
-hexyl, -heptyl, and -octyl, and the I(«-3)-hydroxy-(*»-3)-methyl]h^yl. -heptyl. -octyl, and -nonyl chlorides, 
bromides, iodides, sulfonates, and phosphates. 

Among the compounds of formula RP-X (Xa) or R'*-X (XIII) suitabla for the introduction of RP into the l- 
20 or 7-posltion arxl of R’* Into the 7-posltlon of the xanthine skeleton, the alkoxymethyl and aikoxyalkox- 
ymethyl derivatives occupy a special position as their halides can Indeed be used successfully as reactants, 
but toxicological problems can arise, at least In large-scale use. For this reason, the use of the correspond- 
ing sulfonates is preferred in this special case, which are readily available, for example, by reacting mixed 
anhydrides of aliphatic carboxylic acids and aliphatic or aromatic sulfonic adds (M.H. Karger et al„ J. Org. 
25 Chem. 38 (1971), pp. 528-531) vdth the formaldehyde dialkyl acetals or dlalkoxyalkyl acetals In a smooth 
and nearly quantitative reaction (M.H. Karger et al., J. Amer. Chem. Soc. 91 (1969). pp. 5663/5665: 



^ R’-S0j-0-C0-(Cj-C^)jakyl ♦ R®-0-CHj-0-R* 

- (Cj-C^ jAlkyl-COjR* 

as ^ r’-SOj-O-CHj-O-R* 

In this equation, R' represents an aliphatic group such as methyl, ethyl, or trifluoromethyl. or an aromatic 
group, for example, phenyl, 4-tolyl. or 4-bromophenyl, but preferably methyl or 4-tolyl. and represents an 
40 alkyl or alkoxyalkyl group falling under the definition of R? or R’*. 

The reaction can be carried out either in the substance or in an anhydrous aprotic solvent inert to the 
reactants at temperatures between -20' and +40*C, preferably between 0* and 20* C. No intermediate 
isolation of the highly reactive sulfonates, which are sensitive to hydrolysis arid thermally labile, is 
necessary; they are preferably used immediately as crude products for the substitution on the nitrogen of 
45 the xantNnes. with the usual addition of a basic condensing agent being unnecessary. 

The reaction of the mono- or disubstituted xanthine derivatives. (DC). (XVI), (VII), (VIII) or (Xa) or (XIII) is 
ordinarily done in a distributing agent or solvent inert to the reactants. Practical representatives are 
especially dipolar, aprotic soNents. for example formarntda. dtmethylformamide, dimethyl-acetamide, N- 
methylpyrrolidone. tetramethylurea. hexamethyl-phosphoric triamide, dimethyisulfbxide. acetone, or 
50 butanone; however, alcohols such as methanol, ethylene glycol, and their mono- or dialkyl ethers with the 
alkyl group having 1 to 4 carbon atoms but both together having a maximum of 5 cartxxi atoms, ethanol, 
propanol, isopropanol, and the various butanols; hydrocartxxis such as benzene, toluene, or xylenes; 
halogenated hydrocarbons, such as dichloromethane or chloroform; pyridine, and mixtures of the solvents 
mentioned or their nrtlxtures with water can also be used. 

55 The "alkylation reactions" are suitabty carried out In the presence of a basic condensing agent 
Examples of materials suitable for this are alkali metal or alkaline earth hydroxides, carbonates, hydrides, 
alcoholates, and organic bases, such as triaDcytamines (for example, triethyl-or tributytamfne), quaternary 
ammonium or phosphonhim hydroxides and crosstfnked resins with fixed, Of^onatly substituted ammonium 
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or phosphonium Qroups. The x mthine derivativos can also be In the alkylation reaction directly in the 
form of their separately prepa ed salts, such as the alkali meja), alkaline earth, or optionally substituted 
ammonium or phosphonium si Its. Th^ mono- and disubstftutod xanthine derivatives can also be alkylated 
either In the presence of the af MWientioned Inorganic condensing agents or in the form of their alkali metal 
or alkaline earth salts with the issistance of so-cailed phase trajjsfer catalysts, for example tertiary amines, 
quaternary ammonium or pha phonlum salts, or crown ethers, ^ferably In a 2-phaso system under the 
conditions of phase transfer atalysis. Among the suitable pliaso transfer catalysts that are generally 
commercially available are tetr; (Ct-C 4 )aIkyl-and motyltrimothyla^monium arid -phosphonium salts, methyl- 
. myristyl-, phenyl-, and benz^ltri (Ci-C«)alkyl- and cetyttrtmettwlammonium as well as (Ci-Ci 2 )alky!- and 
benzyltriphenylphosphonium silts, with the compounds that Fiave the larger and more symmetrically 
structured cation generally pro ng to be the more effective. 

The introduction of the grc jps la, R*. and R'® by the procejdures described above Is generally carried 
out at a reaction temperature letween 0*C arxJ the boiling point of the particular reaction medium used, 
preterabty between 20* and 1 tO*. optionally at elevated or reduced pressure, for which the reaction time 
can amount to less than 1 hour or up to several hours. 

The reaction of the 3-alk (xanthines (VIII) to produce the! compounds pursuant to the invention of 
formula (X) requires the intnduction of two tertiary hydroxyWkyl groups. Either identical or different 
subsUluents can be linked to t e xanthine skeleton in success!^, or two idenUcal hydroxyalkyi groups can 
be linked without isolation of in snmediates in a single-pot reaction. 

The reductive cleavage of he benzyl and diphenylmelhyl gbup from compounds of formula (XV) with 
the formation of the xanthine itom in the 7-position. is carri^ out under standard conditions that were 
developed especially in the fre nework of the protective group t^nique in alkaloid and peptide syntheses 
and can thus be assumed to l e widely known. Besides the ch^cal reduction, particularly of the benzyl 
compounds with sodium In llqt Id ammonia (Houber>-Weyl, Vol. Xl/1 (1957), pp. 974-975), the elimination of 
the two aforementioned aralkyl groups by catalytic hydrogenolwls using a precious metal catalyst is also 
especially practical (Houben-V eyl, Vol. Xl/l (1957), pp. 968-971 and Vol. IV//1 c, Part I (1980), pp. 400- 
404). A lower alcohol is crdir.a i!y used here as the reaction m opium (optionally with the addition of formic 
acid or ammonia), or an aprttic solvent such as dimethylformamide or particularly glacial acetic acid; 
however, their mixtures with water can also be used. Espedally suitable hydrogenation catalysts are 
palladium black and palladium an activated charcoal or barium dulfate, while other predous metals such as 
platinum, rhodium, and ruthe ilum trequentty give rise to swe reactions because of competitive ring 
hydrogenation and are thereto a only conditionally usable. The hydrogenolysls is preferably carried out at 
temperatures between 2O*Cadl00*Candat atmospheric pr^sure, or preferably slight excess pressure 
up to approximately 10 bar. wit i reaction Hmes of a tow minutes jfo several hours generally being needed. 

The 1.3.7-trtsubstltuted xaithines of formula (XV) that haije an alkoxymethyl or alkoxyalkoxymethyl 
group in the position of R'® rej resent O.N-acetals. CJonsequentiJ. their substituents In the 7-position can be 
split off under the usual condHi ms of add hydrolysis (cf. Hoube^Weyl, Vol. VM b (1984), pp. 741-745). with 
the 7:-: compounds of formiH. likewi-5 being formed, ^mples of preferred grour.^ t.- : cr.n be 

eUminated hydrolytically are th methoxy, eihoxy, and propoxym^yl groups as well as the 
and ethoxyethoxymethyl group 5 . The reaction is advantageously cam'ed out with heating dilute mineral 
acids such as hydrochloric o sulfuric add, optionally with the addition of glacial acetic acid, dioxane, 
tetrahydrofuran. or a lower alct hoi as a solution promoter. Also useful are perchloric acid or organic adds, 

such trif!.; . . '''rmi: ‘'*etic acid, r’ rombi nation .v :h catalytic amounts cf mineral acids. The 

c.'.'i.pounci in pai-Jcular u.'c also be cle^od ty using Lawis acids, such as zinc 
bromide and titanium tetrachlor de in anhydrous medium, prefercfoly in dicholoromethane or chloroform, with 
th© 7-bromomethy1 or 7-bromt zinc derivatives formed as interrhediaies hydrdyzing spontaneously during 
the equeous workup. In the ck avage in mineral add solution, tt^ reaction temperature must be chosen so 
that no significant dehydration rf the tertiary hydroxyaticyl group jin the 1 -position occurs; it should therefore 
be below 100* C as a rule. ! 

The reduction of the xanth t 8S of formulas pO) and (XV) witli an oxoaikyl group in the position of RS or 
R’* to the corresponding hyc oxyalkyl compounds can IrxJeed take place in principle either with base 
metals or by catalytic hydroge lation, but the metfwd of choice ^sists of the reaction occurring under the 
very mild conditions and In h gh yields with simple metal hyt^es (MH„), complex metal hydrides (M’- 
Of organomotainc hy< rides (Houben-Weyl, Vd. IV/1 d 1981), pp. 287-262. and Vol. Vl/1 b (1984), 
pp. 141-155). Of the numerou! complex metal hydrides that cai be used for the reduction of ketones, the 
most frequently used reagents might be mentioned, for exampb, lithium alanata. lithium borohydride, and 
especially sodium borohydride that Is easier to handle because bf its tower reactivity and above all permits 
working in alcoholic, alcoholic aqueous, and pure aqueous solutions or suspensions. In addition to the 
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